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EXOTIC AQUATIC PLANT SITES IN NEW HAMPSHIRE

SPECIES

A Fanwort

@  Curly-leaf Pondweed
Eurasian milfoil

Brazilian Elodea

e ¢ @

Variable Milfoil
Water Chestnut
)  European Naiad
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\/ariable Milfoll Related Research:
More information needed
on this plant!

Why:are only a few: New
England states so
Impacted with: variable
milfei?

Are there longer'term
contrel measures out
there?

Cani a risk assessment be
developed to help predict
the spread of milioil?
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SIX projects can be broken down
INte tWoi categories:

Jiools for Risk Assessment

s Lake andl sediment characteristics
s Statistics

s Lake morphoelegy/geelogy off basin
Jieols fier Manadement

= Biolegicall controel

s Chemical control

= Physical control



T'ools for
RISK
ASSEessment
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Can milreil distribution: be related torvarious
nabitat conditions;, INCIUAING geopnysicaliand
water quality, conditions?

Cania GIS coverage be developed teridentiny
Waterbodies and/or areas off Waterbodies
susceptible to milfoll growth?

VSIS
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ENSR Stuady

Relationships Between Variable Milfoil and
Sediment, Water Quality and Watershed Features

Are milioll infestations, amnd density’ of
Infestations, correlatea with lake sediment
characteristics, water guality, and
watershed characteristics?

ENSR- Sediment



Objectives;ofi this study are to:

Select a series of infiested andf uninfiested waterbodies
across NH

Sample; sediments in eachi of the lakes.

s [ infested lakes, collect samplesiinianeas of low, medium and
highr density’ plots of milfioil.

Evaluate water chemistry fiom: subject waterbodies

Evaluate watershied features, including wetlana
complexes; andl other factors

Conduct statistical analyses off the data to determine; if
there are any. correlations

ENSR- Sediment:



Summer 2005 for ENSR Sediment

Sampled 25 infested lakes and 15
Uninfested lakes for sediment cokes

Gathered existing WQrdata for Water
colUumn; Chemistry

Conducted watershed delineations of:
study: lakes andponds

ENSR- Sediment:
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Preliminary: Results for'Sediments

Statistical analyses; rieveal that the fellowing
constituents may: influence: the everall

abundance; oif milfoll in study: Waterboedies:

Percent moisture; of sediments
Jjotal organic carbon

Jiotal Organic content

Jiotal phespherus

ENSR- Sediment:



Summer 2006

Continue; tor evaltiate water' chemistry,

Continue to evaltiate watershed
characteristics

Do) statisticallanalyses
Prepare final report



htmranaCennon: Preject

Researching dispersal and environmental variables to predict
milfoil occurrence and susceptibility to invasion by variable
milfoil in lakes in New Hampshire.

Are milfollfinfestations; more a function of
environmental conditions or spatial distribution

(Or'al combination: of the; twoe)?

Thum and Lennon



Datalacauisition

s Obtain datal sets firomi DES for multiple parameters of
infested and uninfested! lakes and ponds

Data analysis

a Use statistical analyses| to determine; relationships
among milfiell eccurrences and envirenmental
Characteristics

s Canoenical correspendence analysis
s Muluivariate analysis off Variance

s Discriminate function analysis

= Multiple legistic regression

Thum and Lennon



2005~ Thumy/Lennon

Database creation for 815 waterbodies

Statisticall evaluation

Multivariateranalyses onllecal controls that
could afifect: whether variable; milfoil 6ccurs
IR a subject wWaterbody:

s \Water chemistry

s Lake moerphoemetry,

s Macrephyte diversity.

Thum and Lennon



Questions

Using a discriminant fiunction analysis;, can lakes
with variable milfoil' be differentiated from lakes
witheut variable milfell based onrenvironmental
characteristics?

= No

Using multiple regression analysis, can VM
Presence; be predicted by environmental
characteristics?

= NO

Thum and Lennon



Sources ofi Error

There were variables that: were not
Included in the Thum/Lennon analyses,

INCltiding sediment characteristics and
erbiveres.

s Most plants take nutrients out of the
sediments; rather than the water column, SO

there could berarlack off datal ini the models; for
this.

Thum and Lennon



Thum/Lennon Next Steps

RegionalfAnalysis
VMIIs primarily’ presentiin the Merriimack River
WWatershed.
N WhY?

s [Does| dispersall of milfoil occur mere within: a
watershed than betWeen a Watershed?

Eine tune models and base them: on individual
subwatersheds within: the Merrimack River
\Watershed.

Thum and Lennon
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WaterwaysrExXperimental Stn
Projjeer

=yzflizlidon OF SEver Azl mlerdfefdes for e Sgleeys
Coriirof of Velrziole Mol

Whichraguatic herbicides moest efifectively: contrel variable milioil
for longer timeframes?

What factors influence the effectiveness off aguatic nerbicides; we
use in New: Hampshire waterbedies? Is itiwater quality, plant
phenolegy, treatment timing, temperature, or other?

Army’ Corps






Progress te Date

PES sent a few: thotsand stems off Variable
milfiell terGainesyille, FL fer culturing in
aguaria for researeh

ACOE plantediand' grew: the plants

ACOE exposed the plants te various
treatments









Individual Herbicide: Tirials

Sleow  acting enzyme InNIbIters-peraiig
s Fluridone

x [nmazamox

= Penexaltm

[Fast acting enzyme; InRibIters
s Carlentrazone-promising
s FlUmiexXazin-promirsiig



Fluridone
(0, 10, 20, 30 ppb)




Penoxsulam
(0, 5, 10, 25 ppb)




Endothall
(0 1, 2, and 4 ppm)

b




Imazamox
(0, 10, 25, 50 ppb)




Diquat
(0, 100, and 200 ppb)




Carfentrazone 200 ppb




Herbicide and Environmental
Condition Comparisen

IHerbicide Vs, Temperatlunies resuits pending
= 2,4-D

s Carfentrazone

s [riclopyr

= EXperimental herbicide



Liguid vs Granular Herbicide
Formulations

Tiriclopyi
2,4-D



UNIH

UNBFEreshwater: Biology: Group

An Exploration of the Use of Parasitic Nematodes
for the Biological Control of Variable Milfoil

What are; the, differences betweenr conaitions: in NH Iakes
where milfeil isf introduced, and where milfoillis native?

Are there any pessible; plant-nematode; asseciations that
can be off use in the bielegical control of variable milfiorl?



Nematodes can parasitize plants in different ways:
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Project Overview:

a) Analyze the physical, chiemical and biological
aracterlstlcs Of the water and sediment: at native; ox
naturallzed Sites (feund in the Mid- West? and Introduced

sites (INK). Partictlar emplasis will e placed on
nutrients, anion/cations, Pk, alkalinity, in the pore water
andl boundinutrients iand Organic matter in sediments;
dlse examine; coexisting plant species diversity: and
extent.

D) To identify plant feeding and parasitic nematode
species within' the stem| and rhizome off milioll ana
associated plants in the different lake sediment
environments. Particular emphasis will be;placed on the
identification off nematede species that have the
potential to,be biological controlfagents.



Summer 2005

Sediment:and; plant collection fiem New
IHampshire LLakes

s Sguamy lLake/River
s [Lake Wentwerth

Sedimentiand plant collection frems native
iange; of milfioll populatiens

= \Wisconsin



Eyualem on Round Pond (WI) with =
sediment core sampler Garrett on Rock Dam Lake

(WI1) with Milfoil



Observations to Date

V. heterophyllumiisinet as prevalent as expected: in W1
(mis-IDed or'just scarce).

WI communitiestare found! in shallower watersi along
WIth! floatingl andl emerdent: plants even thieugh water
clarity’ is similar ter NH:

WI communities may: become; more aggressive When
Impacted by boat traffic (fragmentation)

W1 sediments had higher densities and diversity. in
sediment andl plant nematodes) tham NH soifar.

Older, more established! stands off milfoillin' NH lakes had
more density: and diversity’ offINematodes

Petentially’ parasitic nematode similar in fiorm to: ar KAeWn
aguatic plant parasite was' fiound at Lake Wentworth



Hirschmanniella-like Nematode found at Lake Wentworth







Hirschmanniella has been
documented as a rice plant
parasite. Thus, we have keen
#interest in-this similar |
lookihg speeies found at
Lake Wenbvoq;h in. NH.

¥




2006 Work in Progress

Sample additional NH lakes and Ml Iakes for
sediment conditionsiand! nenatodes associated
With: our target milfoil.

Re-sample \Wentworth

Sample nematoede community, associatea With
native NH milfoils.

Einish DNA typing ofi all nematodes found

Compare pore Water and sediment chemistry
results with nematodes found.




ENSR
Flelflt Keglzleeperc Zrajear

Canl we successiully remove
milfeil infestations and
ievegetate with native species
te InnIbIt milieil regrewth?

ENSR Plant Replacement:



Outline of areas to be suction harvested (1-4)

Transect lines for videotaping Lake Massasecum

Milfoil Project

GPS point number (see additional maps for transect point numbers) for the
NHDES

August 2005

Dividing line for treatment plots

Plot or transect number

ENSR! Plant Rep|letti;



Summer of 2005

Suction harvesting of 2 acresioff milioll firom
northern end of LLake; Massasecum

a2 WeeKks of dive time

s 182 hours total time

liransplanting oi: native vegetation fem Various
parts off lake tor newly harvested area
a 228 total hours

End offseason! fellow-up

ENSRPlant Replacement
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Conclusions from: Summer 2005

Suctionr harvesting reduced milieil abundance by,
37 %6

Suction harvesting reduced native; SpECIEs: by,
42%

Planting only: increased native plant density: by,
5-10%: In nerthrend off lake

2006 will-berspent monitoring plant grewth
patterns for plantedrnatives and residual milfoll

ENSRPlant Replacement



ENSR PlantRenlas







Summary- Risk Assessment

ihere appear te be some characteristics off

lake: sediments, that are! linked with milroil
drowth

There; appears torbe seme distribution of
milfiell i relation to; spatial characteristics

in-New: Hampshire, With redards te
Watersheds



Summary- Control

SOME New agquatic RerbICIdes are showing
Promise for effiective control el milioeil, Including
PIOMBAss reduction

Jerbicide efficacy: can pessibly: be linked to
envirenmentall characteristics inf the Waterbody,

Nematoede assemblages in seme Waterodies
M2y Provide sSeme; poessible; new: avenues!iior
milfoll control

Suction harvesting isfa’ usefiul teol N removing
smalll infestations of exotic plants

Plant replacement: success....wait and see.




The future...and beyond

Some laberatory. trials willfneed to be taken to
the field to be tested

PessIDIILY off more fiunding heeds in the future

s NH state funded researchi grants (~60K available
annually)

DEeliverables
x Peerreviewed journal articles
s Recommendations to state;agency. firom researchers

= Milfoll Summit® or ether press release fortm to share
Information
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